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Description 
ABOVE KNEE SHRINKER 

Background of Invention 

1. Field of the Invention 

[0001] The present invention relates generally to manufactured 
textile products for lower-leg amputees. More specifically, 
the present invention concerns an above knee shrinker 
designed to comfortably apply therapeutic compression to 

the residual limb or stump of a lower-leg amputee. 

2. Discussion of Prior Art 

[0002] Compressive above knee shrinkers have been developed 
to post-operatively provide therapeutic compression to 
the residual limb of lower-leg or transfemoral amputee 
patients. The therapeutic compressive force applied by 
these shrinkers have been used to control and maintain 
stable soft tissue fluid volume, to reduce operative edema 
in the residual limb, and if worn nightly, to facilitate the 
fitting of a prosthesis the next morning. Conventional 
above knee shrinkers have incorporated waist belts and 



typically present tapered receptacles that extend to the 
belts, in an effort to vertically secure the shrinkers and, 
thereby, alleviate unwanted slippage and dislodgment. 

[0003] These shrinkers, however, present various problems and 
disadvantages. For example, the addition of belts has sac- 
rificed comfort for stability by intruding the receptacle 
upon the amputee's perineal region. Yet another problem 
is presented by the lack of lengthwise adjustability in con- 
ventional receptacles, which necessitates more shrinker 
sizes, and causes discomfort during donning. 

[0004] Thus, a need exists for a vertically secure shrinker that 

provides additional comfort and the desired compression 

to the residual limb of the wearer. 
Summary of Invention 

[0005] Responsive to these and other problems caused by con- 
ventional shrinkers, the present invention concerns an im- 
proved above knee shrinker for applying therapeutic com- 
pression to the residual limb of a lower-leg amputee. The 
invention provided hereof, among other things, is useful 
for providing more comfort to the wearer during use and 
donning, easier to don than conventional above knee 
shrinkers, and particularly effective in providing the de- 
sired compression. 



[0006] a first aspect of the present invention concerns an above 
knee shrinker comprising a waist belt dimensioned for 
snugly receiving the waist of the wearer, and a tubular 
fabric receptacle dimensioned and configured to be worn 
on and apply a compressive force to the residual limb. The 
receptacle presents top and bottom ends, and is open ad- 
jacent each of the ends so that the residual limb can be 
inserted into the receptacle adjacent the top end. The re- 
ceptacle is coupled to the waist belt adjacent the top end 
so that snug securement of the waist belt about the 
wearer's waist restricts vertical displacement of the recep- 
tacle along the residual limb. The receptacle is dimen- 
sioned so as to be longer than the residual limb, thereby 
permitting the receptacle to be doubled over the residual 
limb. The receptacle also includes a U-shaped edge pro- 
jecting from the top end that presents a U-shaped per- 
ineal opening adjacent the torso end of the residual limb. 
Finally, the U-shaped edge includes a pair of spaced apart 
upright sections extending from the top end and a bottom 
section that is spaced from the top end and interconnects 
the upright sections. 

[0007] a second aspect of the present invention concerns an 

above knee shrinker comprising a waist belt dimensioned 



for snugly receiving the waist of the wearer, and a tubular 
fabric receptacle dimensioned and configured to be worn 
on and apply a compressive force to the residual limb. The 
receptacle presents top and bottom ends, and is open ad- 
jacent each of the ends so that the residual limb can be 
inserted into the receptacle adjacent the top end. The re- 
ceptacle is coupled to the waist belt adjacent the top end 
so that snug securement of the waist belt about the 
wearer's waist restricts vertical displacement of the recep- 
tacle along the residual limb. The receptacle is dimen- 
sioned so as to be longer than the residual limb, thereby 
permitting the receptacle to be doubled over the residual 
limb. Finally, the receptacle is knitted at least principally 
of core-spun yarn and includes a plurality of laid in elastic 
threads. 

[0008] | n a preferred embodiment of the above knee shrinker, 

the receptacle further includes a channel located adjacent 
the top end, a waist belt having two separate ends and a 
self-fastening adjustable mechanism, and a constrictive 
element operable to constrict the receptacle adjacent the 
distal end of the residual limb. 

[0009] other aspects and advantages of the present invention will 
be apparent from the following detailed description of the 



preferred embodiment and the accompanying drawing 
figures. 

Brief Description of Drawings 

[0010] a preferred embodiment of the invention is described in 
detail below with reference to the attached drawing fig- 
ures, wherein: 

[001 1] FIG. 1 is a perspective view of the above knee shrinker 
constructed in accordance with the present invention, 
particularly showing the shrinker in a doubled-over- 
condition for more, distal pressure and being donned by a 
human lower-leg amputee; 

[0012] FIG. 2 is a fragmentary elevation view of the shrinker in an 
unworn condition; 

[0013] FIG. 3 is an exploded perspective view of the shrinker, 
particularly illustrating the sliding-ring constricting ele- 
ment and the self-fastening mechanism at the belt ends; 

[0014] FIG. 4 is a perspective view of the shrinker, particularly il- 
lustrating the sliding-ring constricting element received 
over the receptacle; 

[0015] FIG. 5 is an enlarged, fragmentary perspective-cross sec- 
tional view of the top end of the receptacle, particularly il- 
lustrating the belt receiving channel of the receptacle. 
Detailed Description 



[0016] The above knee shrinker 10, selected for illustration in 

FIGS. 1-5, generally comprises a multi-directional stretch 
tubular fabric receptacle 12, a waist belt 14, and a con- 
stricting element 16. The shrinker 10 is operable to encir- 
cle and enclose the residual limb 18 of a lower-leg human 
amputee in a vertically secure position, and is suitably 
formed so as to apply a therapeutic compressive force to 
the residual limb 18. It is appreciated by those skilled in 
the art that the application of compressive force to the 
residual limb 18 reduces the risk of edema. 

[0017] a s b es t shown in FIG. 1, the receptacle 12 forms the pri- 
mary component of the shrinker 10 and receives the 
residual limb 18. The receptacle 12 is dimensioned to 
conform to the contours of the residual limb 18 and pro- 
vide an overhanging portion 24 that extends beyond the 
distal end 22 of the residual limb 18. The receptacle 12 
presents a U-shaped perineal opening 28 to prevent un- 
even contact between the receptacle 12 and the amputee's 
perineal region 30. Finally, the receptacle 12 also includes 
a belt-receiving channel 26 adjacent the top end 36. 

[0018] Turning first to the construction of the shrinker 10, the 
receptacle 12 is weft knitted in one entire piece on a cir- 
cular rib-knit machine (not shown), although other suit- 



able knitting or fabricating techniques may be used. One 
such machine is available as Model No. R1428 from 
Tompkins Brothers Company, Inc. The preferred recepta- 
cle 12 is knitted in connected loops of substantially uni- 
form pattern and number per square inch throughout the 
receptacle 12. More preferably, the receptacle 12 is 
formed in a one-by-one rib stitch knitting pattern. 
[0019] jo provide a more uniform compressive force, the recep- 
tacle 12 is at least predominately formed of multi- 
directional stretchable material, which shall be interpreted 
to mean herein material that is substantially able to be 
equally stretched in a first direction and a second direc- 
tion substantially transverse to the first direction. More 
preferably, under normally anticipated loads, the material 
is at least capable of stretching 50% in a first direction, 
such as the typical weft direction, and 45% in a second di- 
rection perpendicular to the first direction, such as the 
typical warp direction. Most preferably, the material is ca- 
pable of stretching at least 70% in the first direction, and 
65% in the second direction under the same conditions. It 
is appreciated that the multi-directional stretchable mate- 
rial is concurrently stretchable in both the first and second 
directions, so as to provide stretchability in all directions. 



[0020] | n the preferred embodiment, the multi-directional 

stretchable material comprises core-spun yarn and elastic 
laid in at least every fourth course of knitted yarn. The 
core-spun yarn includes a spandex core and a latex-free 
fiber sheathing. The sheathing includes polyester fiber or 
a polyester/x-static® blend. The spandex core primarily 
provides the stretchability of the shrinker 10 and helps to 
generate the compressive force. An acceptable brand of 
spandex to be used for the core is forty denier LYCRA 
brand spandex available from E.I. DuPont Nemours & Co., 
Inc., of Wilmington, Del. Finally, the elastic continuously 
laid in every fourth course is preferably a covered spandex 
yarn. One suitable brand of elastic yarn, designated as 
"CM8414.T9.087C" from UNIFI, Inc., of Charlotte, N.C., 
consists of a double-covered filament polyester around a 
Dorlastan spandex. 

[0021] The material components are proportionally provided as 
needed to effect the aforementioned multi-directional 
stretchability of the receptacle 12. More preferably, the 
core-spun yarn comprises about 95% fiber sheathing, and 
5% spandex. It is within the purview of this invention, 
however, to utilize other types of yarn suitable for provid- 
ing the desired multi-directional stretch functionality, in 



the construction of the receptacle 12. Finally, the recepta- 
cle 12 preferably utilizes a dyeable yarn material that is 
capable of piece dyed, as commonly known in the art. The 
blend of core-spun yarn and elastic thread described 
above presents such a dyeable fabric material. 
[0022] | t j S appreciated that the preferred pattern and material 
composition of the receptacle 12 result in generally uni- 
form compression against the residual limb 18 over a 
wide range of stretch. It is also appreciated, however, that 
the receptacle 12 can be formed in varying patterns and 
densities, so as to present areas of different compressive 
strengths under equal stretches. For example, the over- 
hanging portion 24 could present a different knit pattern 
or density that applies a different compressive force to the 
residual limb 18 than does the main portion20 of the re- 
ceptacle 12. 

[0023] As shown in FIGS. 1-4, the open edges of the receptacle 

12, including the outermost courses of yarn are reinforced 
with cover stitching 40 knitted in a manner commonly 
known to those skilled in the art. Generally coextensive 
with the width and length of the first course, the reinforc- 
ing cover stitching 40 is provided at or near the edges to 
deterfraying at these stress points. The stitching 40 is 



tight, even and well-set into the material. The stitching 40 
is constructed in a commonly known pattern or configura- 
tion and with similarly stretchable material operable to ef- 
fect the intended function of the shrinker 10. One such 
suitable stitching material is designated as "Stretch Nylon" 
and manufactured by Sapona Manufacturing Co., Inc. of 
Charlotte, N.C. 

[0024] Turning to the configuration of the shrinker 10, the re- 
ceptacle 12 presents three distinguishable sections: a 
tubular body 54 consisting of main and overhanging por- 
tions 20 and 24, the U-shaped perineal opening 28, and 
the belt receiving channel 26. The body 54 and belt re- 
ceiving channel 26 one preferably integrally knitted as one 
continuous unit. Alternatively, component parts of the 
shrinker 10 may be separately constructed and later com- 
piled. It is appreciated, however, that continuous con- 
struction of the receptacle 12 provides a more comfort- 
able seamless structure and also reduces post-production 
labor costs associated with sewing the parts together. 

[0025] As best shown in FIG. 3, the tubular body 54 presents an 
open bottom end 38 and an open top end 36 defined by a 
bottom edge 34 and a top edge 32 respectively. In the 
preferred embodiment, the ends 36 and 38 of the body 



are generally equal in diameter, resulting in a non-ta- 
pered tubular body having parallel sides, as shown in FIG. 
2. It is essential that the diameter of the body 54 be mea- 
surably smaller than the average residual limb diameter so 
as to be stretched when donned. It is believed that the 
multi-directional stretchability provided by the material 
enables the intended conformation of the receptacle 12 to 
the contours of the residual limb, despite the non-tapered 
configuration. It is also appreciated by those skilled in the 
art that the non-tapered configuration reduces manufac- 
turing costs associated with tapered conventional 
shrinkers. 

[0026] The receptacle 12 is preferably of sufficient length to en- 
able the overhanging portion 24 to be stretched and dou- 
bled-over a predominate portion of the residual limb. 
More preferably, the portion 24 presents a length not less 
than one-half of the lengthwise dimension of the residual 
limb. Where desired, excess length can be removed by 
laterally cutting the overhanging portion 24 to present a 
new lengthwise dimension. However, when cutting is de- 
sired it is preferred that the overhanging portion 24 be 
formed of an anti-fraying material. 

[0027] Preferably, each layer of the shrinker 10 compresses the 



residual limb 18 with a force that is approximately equal 
to one-half of the compressive force exhorted by a sin- 
gle-layer of a conventional intermediate to heavy strength 
above knee shrinker. For example, each layer of the 
shrinker 10 in the doubled-over condition can exhort a 
compressive strength of 25 to 30 mmHg at 50% stretch, 
so as to cooperatively provide the compression of an in- 
termediate strength shrinker having a 50 to 60 mmHg 
compressive strength at 50% stretch. Thus, it is appreci- 
ated that the shrinker 10 presents an equivalent interme- 
diate strength shrinker in the doubled-over condition. 
[0028] Adjacent the open top end 36, the tubular body of the re- 
ceptacle 12 presents a U-shaped perineal opening 28. As 
shown in FIGS. 1-4, the U-shaped perineal opening 28 is 
defined by a U-shaped edge 42 that intercepts the open 
top edge 32 to cooperatively define a residual limb open- 
ing 44 consisting of the U-shaped opening 28 and the 
open top end 36. The U-shaped edge 42 includes a pair 
of spaced apart generally parallel edges 46 extending 
from the top edge 32 and an arcuate shaped edge 48 that 
interconnects the parallel edges 46 at their lower ends 
and is spaced from the top end 36. The parallel edges 46 
are oriented in the general upright or warp direction, as 



best shown in FIG. 2, and the arcuate shaped edge 48 
presents a vertex defined by the lowermost point on the 
U-shaped edge. 
[0029] The U-shaped edge is configured to facilitate the com- 
fortable wear of the tubular above knee shrinker 10 by 
preventing uneven contact between the shrinker 10 and 
the general perineal region 30 of the amputee. To this ef- 
fect, the parallel edges 46 are spaced apart on the non- 
stretched tubular circumference of the receptacle 12 a 
sufficient distance. More preferably, the parallel edges 46 
are spaced so as to present an open quadrant centered 
adjacent the perineal region 30 of the amputee. Most 
preferably the parallel edges 46 are spaced so as to 
present an open circular arc of 120° on the non-stretched 
tubular circumference of the receptacle 12 centered adja- 
cent the perineal region 30 of the amputee. The parallel 
edges 46 also present individual lengths necessary to be- 
gin the arcuate shaped edge 48 at a nonencroaching loca- 
tion spaced from the top edge 32. More preferably, the 
parallel edges 46 present individual lengths not less than 
the diameter of the non-stretched tubular receptacle 12. 
Most preferably, the parallel edges present individual 
lengths not less than one and a half times the diameter of 



the non-stretched tubular receptacle. Finally, the arcuate 
shaped edge is preferably dimensioned so as to further 
provide clearance between the shrinker 10 and the per- 
ineal region 30 of the amputee. More preferably, the arc 
length of the arcuate shaped edge 48 is equal to or 
greater than the diameter of the receptacle 12 and the 
vertex is spaced at least two centimeters (cm) from a hori- 
zontal tangent 50 that includes the lowermost point of the 
region, as shown in FIG. 1. Thus, the entire U-shaped 
opening 28 is directly proportional to the diameter of the 
tubular receptacle 12, whereas the diameter is preferably 
varied according to the dimensions of an average human 
in a particular group size, i.e. small, medium, large, extra 
large, etc. 

[0030] Similar to the open top and bottom edges 32 and 34, the 
U-shaped edge 42 is provided with cover stitching 52 co- 
extensively applied thereto and in a manner commonly 
known in the art. The cover stitching 52 is formed of sim- 
ilarly stretchable material, and sufficiently sized to pre- 
vent normal wear and tear along the U-shaped edge 42. 

[0031] The shrinker configuration also includes the belt-re- 
ceiving channel 26 adjacent the open top end 36 of the 
receptacle 12. The channel 26, shown in detail in FIG. 5, is 



formed by folding the body upon itself in the radially in- 
ward direction to present a second inner layer 56 of tubu- 
lar material having a bottom inner edge, a first fold line 
58 presenting the top edge 32 of the receptacle 12, and a 
height preferably equal to at least one and a half times the 
belt height. The bottom inner edge is then folded back up 
in between the second inner layer 56 and the receptacle 
12 to present a second fold line 62, and a third intermedi- 
ate layer 60 preferably having a height not greater than 
half the belt height. The second fold line 62 forms the 
bottom edge of the channel. A continuous cross stitch 64 
that extends the entire length of the channel is provided 
at or near the second fold line 62 to permanently secure 
the three layers in the above configuration. Other means 
of attaching the three layers of the channel, such as a plu- 
rality of shorter discontinuous stitches, adhesives, and/or 
fasteners may also be utilized. Together the receptacle 
12, second inner layer 56, and intermediate layer 60 are 
sufficiently dimensioned to form a channel opening 66 
that is operable to receive the corresponding waist belt 14 
of the shrinker 10. 
[0032] As best shown in FIG. 1, the waist belt 14 is provided to 
prevent migration of the receptacle 12 down the residual 



limb 18 when the shrinker 10 is donned by the amputee. 
The belt 14 comprises a band of flexible material having 
upper and lower edges 68, an inner surface 70, and an 
outer surface 72. The belt 14 presents a belt height and a 
total unfastened length sufficient to comfortably encircle 
the amputee's waist 74. More preferably, the belt 14 
presents a height of about five cm and a selectively vari- 
able length at least equal to one and a quarter times the 
circumference of the amputee's waist 74. 

[0033] The belt 14 is preferably formed of a soft fabric, such as 
an elasticized loop material, that is elastically stretchable 
in at least the weft direction. As shown in FIGS. 3-4, the 
belt 14 is discontinuous and, therefore, presents two end 
edges 76 that enable the belt 14 to be passed through the 
channel opening 66 of the receptacle 12. It is appreciated 
that the slide-ability of the belt 14 enables the belt open- 
ing to be respositioned so as to enable the shrinker 10 to 
be used as either a left or right shrinker. 

[° 034 ] Similarly to the receptacle edges, the belt's upper, lower 
and end edges 68 and 76 are preferably provided with re- 
inforcing stitching sufficiently sized and configured to 
prevent normal wear and tear along the entire belt edge. 

[0035] The belt 14 also includes an adjustable self-fastening 



mechanism for securing the belt 14 around the waist 74 
of the amputee. The preferred mechanism shown in FIGS. 
3 and 4 is attached to the belt adjacent the belt ends, and 
includes a loop strip 78 and at least one hook strip 80. 
The strips 78,80 are operable to interconnect along a 
contact plane when brought to bear against one another. 
The loop strip 78 is sufficiently greater in length than the 
hook strip 80 to present varying belt circumferential 
lengths depending on where the hook strip 80 is placed 
thereupon. More preferably, the loop strip 78 coexten- 
sively covers one of the surfaces 70,72 of the belt 14, and 
the hook strip 80 is placed on the opposite surface adja- 
cent one of the belt ends. The hook strip 80 has sufficient 
surface area and hook density to present a total grab 
strength along the contact plane that is greater than the 
shearing force exhorted by the elasticity of the belt 14 or 
friction encountered during normal use. For example, on a 
belt having a 5 cm width, each of the hook strips 80 
preferably presents a density of at least twenty-five 

2 

hooks/cm and is at least nine cm long to present a sur- 

2 

face area of at least forty-five cm . One such hook and 
loop fastener is commercially available under the designa- 
tion "VELCRO." However, other conventional means of ad- 



justably fastening the belt ends around the amputee's 
waist 74, including buckles, snaps, pins, and clips may be 
utilized. Alternatively, a continuous belt could be inte- 
grally formed with or later fixed to the receptacle 12 to 
effect the intended purpose. In this arrangement, a fas- 
tening-mechanism is not provided since the elastic com- 
pressive strength of the belt is sufficient to vertically se- 
cure the belt. 

[0036] As previously indicated, the illustrated shrinker configura- 
tion lastly includes a constricting element operable to 
constrict the receptacle 12 at a desired location. As shown 
in FIG. 1, the constricting element is adapted to engage 
and bear against the distal end 22 of the residual limb 18 
when the shrinker 10 is donned in the final doubled-over 
condition. As best shown in FIGS. 3 and 4, the constricting 
element is preferably a circular sliding-ring 16 having a 
sufficient diameter for allowing the overhanging portion 
24 of the receptacle 12 to pass therethrough. The ring 
preferably presents an average diameter that is smaller 
than the smallest diameter adjacent the distal end of the 
residual limb 18, which prevents the ring and, therefore, 
the shrinker 10 from riding up the residual limb 18 when 
the shrinker 10 is donned. 



[0037] The sliding-ring 16 preferably presents a homogenous 

unitary body formed of a suitable chemically non-reactive 
and stable material having sufficient strength for the in- 
tended purpose, such as plastic, wood, or certain epoxy 
compounds. More preferably, the ring comprises a rigid 
but non-brittle plastic donut having a smooth elliptical or 
circular cross-sectional shape to present no sharp edges, 
as shown in FIG. 3. However, it is within the purview of the 
invention to incorporate other suitable constricting ele- 
ment configurations. 

[0038] The operation of the above knee shrinker 10 can best be 
seen from the three conditions exhibited by FIGS. 2, 4, 
and 1 consecutively. As best shown in FIG. 2, the shrinker 
10 is first oriented in a vertical position with the top end 
36 and waist belt 14 on top. The end edges 76 of the dis- 
continuous waist belt 14 are unfastened to allow the entry 
of the amputee's waist 74. The amputee then places his or 
her residual limb 18 into the shrinker 10 through the 
residual limb opening 44 after orienting the shrinker 10 
so that the U-shaped perineal opening 28 is received ra- 
dially inward and adjacent his or her perineal region 30. 
After pulling the receptacle 12 to the desired vertical po- 
sition, the belt 14 is fastened to appropriately compress 



the amputee's waist 74. 

[0039] As shown in FIG. 4, the overhanging portion 24 is passed 
through the sliding-ring 16 a sufficient distance to pre- 
vent the unwanted dislodgment of the ring while the 
residual limb 18 is inserted into the receptacle 12. Al- 
though the ring 16 eliminates the need for twisting of the 
body 54, the overhanging portion 24 may first be twisted 
before being passed through the ring to further prevent 
dislodgment. In either case, the overhanging portion 24 of 
the receptacle 12 is doubled-over and stretched upward 
until the sliding-ring 16 reaches the distal end 22 of the 
residual limb 18 as shown in FIG. 1. The doubled-over 
overhanging portion 24 can be further stretched to pro- 
vide compression over an additional area of the residual 
limb 18 at the amputee's discretion. If the overhanging 
portion 24 is of sufficient length, it is within the purview 
of this invention to again double-over the doubled-over 
portion to present more than two layers of compressive 
strength when required. 

[0040] Those ordinarily skilled in the art will appreciate that such 
use of the shrinker 10 reduces discomfort and/or injury 
during donning. That is, the shrinker 10 is easier to don 
than conventional shrinkers providing the same degree of 



compression. This is principally attributable to the fact 
that, with the illustrated shrinker 10, the user can initially 
pull on only the main portion 20, which is less tight than 
the conventional shrinker and then reflect the overhang- 
ing portion 24 over the residual limb as described. In 
some cases, the portion 24 will not be pulled up on the 
residual limb as far as the main portion 20 so as to pro- 
vide gradient compression. 

[0041] it j S a | so within the purview of the invention to not double 
over the over-hanging portion 24 of the shrinker 10 if ad- 
ditional compression is not desired. In this instance, any 
excess material of the portion 24 may be removed. 

[0042] Alternatively, the shrinker 10 can be donned without the 
use of the sliding-ring 16. In this embodiment, the over- 
hanging portion 24 is simply twisted adjacent the distal 
end 22 of the residual limb 18, after the shrinker 10 is 
vertically secured to the amputee and prior to doubling- 
over the overhanging portion 24. 

[0043] The preferred forms of the invention described above are 
to be used as illustration only, and should not be utilized 
in a limiting sense in interpreting the scope of the present 
invention. Obvious modifications to the exemplary em- 
bodiments, as set forth herein, could be readily made by 



those skilled in the art without departing from the spirit of 
the present invention. 
[0044] The inventors hereby state their intent to rely on the Doc- 
trine of Equivalents to determine and assess the reason- 
ably fair scope of the present invention as pertains to any 
apparatus not materially departing from but outside the 
literal scope of the invention as set forth in the following 
claims. 



